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ABSTRACT

A viewgraph presentation was made to Dr. R. A. Petrone
on July 23, 1970 covering the topic of Saturn V performance
capability with one or more engines out. In clarification of
several issues raised during the presentation, "loss of control"
of the launch vehicle has been defined, the dynamics of the
vehicle for S-IC stage engine out prior to 10 seconds after
lift-off have been described, and the go/no-go criterion for

the TLI burn has been stated.
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MEMORANDUM FOR FILE

Attached are copies of the viewgraphs presented to
Dr. R. A. Petrone on July 23, 1970 covering the topic of Saturn V
performance capability with one or more engines out. The pre-
sentation included discussion of (1) the current Apollo program
position regarding engine-out performance, (2) pre-mission
Apollo 13 engine-out performance capability data, and (3) the
payload effect of an engine-out malfunction.

The following points provide clarification of several
issues raised during the presentation:

1. The regions labelled "loss of control" on the charts
indicate those engine-out malfunctions that result in
(1) a thrust-to-weight ratio that is too small to main-
tain a controlled trajectory or (2) subsequent gimbal
angle commands that are too large for the engines to
fulfill,.

2. For the S-IC stage, any engine out prior to 0.2 second
results in pad fallback. Any engine out between 0.2
and 0.9 second results in the vehicle colliding with
the holddown posts. For a lower engine out (Figure 1)
before 3.5 seconds, the resulting negative angle-of-
attack combined with the normally prevailing tailwind
leads to vehicle aerodynamic instability and loss of
control in the high-q region. Tower collision occurs
for one tower-side engine out prior to 5.6 seconds or
for both tower-side engines out prior to 7.5 seconds;
however, tower collisions are not included in the loss-
of-control regions shown on the charts.* Apollo 13
Mission Rules require a launch abort in the case of any
negative vertical motion of the vehicle. Negative
motion will occur for any single engine out prior to
about 1.9 seconds. A thrust-to-weight ratio of at
least one will be maintained for one engine out occurr’
later than about 11 seconds.

*Boeing Co. Document 5-9400-H-418, "AS-508 Saturn V
Launch Vehicle Operational Flight Dynamics and Malfunction Flight
Analysis," January 8, 1970.
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3. The Mission Rules for Apollo 13 state that the TLI
burn can be initiated if sufficient propellant remains
to achieve a 65,000 n.mi. apogee elliptical orbit. No
minimum probability of successfully completing the burn
is listed.

K.P. Koo

2013-KPK-slr K. P. Klaasen

Attachments



NOILVINIIYO d3IMOL HONNVT ANV A NiNLYS - T 3dN9i4

HLYON

dimol
HINNV1

14V INIM00T MITA

SINIINT 4IMOT

SANION3I ¥3ddnN



‘NOISSIW OL 401dd J4SW
A8 NOISSIW HOV1 404 AINIWYILIA SI LNO INIONIT HLIM ALITIGYdYD JIONVYWY04¥Id @
JOVIS ATdvie
1408V
NOISSIWINNIINQD
Jav
SNOILdO L0 INIINT 40 INIAT NI MOTT04 OL SIINAII0Ud INITINO SITNY NOISSIW @
"ONI9VLS TYNIWON 40 "SJ3S 00Z NI
~HLIM ON14dN3JI0 ONIIVLS AI-S/11-S HLIM L1840 ININYVYd HOVIY OL ALITIGVdVD @

‘N¥Ng 39v.LS AN0J3S
ONITENA IWIL ANV 1NO INTONI 11-S INO HLIM L1940 ININYVd HOVIY OL ALIT19YdY) @

‘NYNg 39vLS 1Sy14 40
"SO3S 0T Y314V LNO INTONT J1-S INO HLIM LI G40 ONINYYd HOVIY OL ALITIEVdYO

JHIN0IY SINIWNIISSY NOISSIW LHII14 @

"SINIWIYINDIY TOYLINOD 40 JIONVINYOJdId ON SLSIT "LNO INIINI INO HLIM dISOd
-WI SAY0T dv3ig OL 34NLINILS 10 IHIA HONNYT SIHINDIY NOILYI14133dS WVHI0dd @

- NOI11S0d WY¥90dd 01104V INIddNI

NOILONNATYW LNO INIINI A NYNLVS



NOZI 40H

Moo O NOILVIN3l 40

O
MddNO O INTIONI F191HIA

("SJ3S) NOILOW LS¥1d WOdd IWIL

611 05T 7! 001 9 05 52 0
| | I 1 I { | O.m
55 [0 s . 3] YIMOT
T04INOD 40 SSOT
S o ¥dd
60
10d B 1IN0
Ino
INI9NZ
'$03S 991 SIS el 535 0
43S 11-5/91-S 0030 91-$ NOIIOW LSl
TUNIWON  TYNIWON

(€1 0TI04dV)
ALITIEVdVYI LNO INIONI I1ONIS J1-S



(°S33S) NOI1OW LS¥ld WOdd IWIL

6Ll
|

04l mNH oE mm om mN 0
I

wmYR vy

0al <€l

5

05T mm

X
o*o!

7104 /_%hw\\\\\\§omhzo§%§

ol 001

1d1S

diMOo1

diddNn

31150dd0

104INOJ ANV

T P e Ygccpgsss
T s i 2 % ¥3INID
......... E.,......m.w 105 w\\\\\\\\\\smzou gy
1Nn0
SANIONI
"SJ3S 91 "SJ3S <€l "SJ33S 0
d3s 11-S/91-S 0330 J1-S NO11OW
TVYNIWON TVYNIWON 1Sdi4

(€1 0T10dY)
ALITIAVA VYD 1IN0 INIINI SNOINVLIAWIS 1vnd J1-S



(°S33S) NO11Vdvd3S 1-S/91-S WO dd IWIL

00y 0S¢ 00¢ 062 002 0s1 001 05 0
| T | B [ [ T
FEe 04 4IMO T
Gql
IR 1) d 55 43ddn
0¢1
10435 HIINID
T
INIONI
'$93S PoE *$91S 862 *$93S 991 '$93S 0
d3S 9AI-S/I1-S 0919 11-S 09319 11-S d3s
T¥NWON TVNIWON ¢1 07104V 11-5/91-S

(€1 01704Y)
ALI118YdVYI 100 INIINT FTONIS 11-S



("S33S) NO1Lvdvd3S 11-S/31-S WO dd IWIL

00y 0s¢ 00¢ 09¢ 002 0sL
[ I 1 1 |

lllll

001 09

L~ 10d o (5dS) 109

8¢ 0€2 031

ONIOVILS
ATdYd

S0 777/ s

10d

\\\\\\\\\\\\\\\\\ goEzou 10 mmmw§§ ] wddn
10 5S0]
10d ONN _ ) 31150dd0
Q1 05
S Hm.,.m. T AOﬁw_wzw Mm_,z
1o
SINIONI
'$D3S P6¢ '$01S 862 '$03S 991 '$935 0
dis 9AI-S/II-S 09312 II-S 02310 11-S dis
TYNIWON TYNIWON ¢1 07104V 11-S/91-S

(€1 0770dV)

ALITIGYdYD ONIOVLS AT¥VI ANV LNO INTONI SNOINVLIINWIS TvNa 11-S



("S33S) NO1LYHVdIS 11-S/31-S WO Y4 0330 11-S 40 Jw'
00¢ 04¢ 00¢ 0sl 001

09

| 1 | !

("S33S) NOI1VdvdaS [1-S/01-S WOdd IWIL

T 0
0001
000¢
000¢
000%
0009
0009
000.
0008
0006

('S ALITIEGVdVYI AVOTAVd NI NO119Nd3y

0oy 0SE 00¢ 052 002 0g1 001 05 0
I | I I | 1 T 1
: L £ 10d B NETINER)
1no
INTONI
*$93S o€ *$23S 862 *$93S 991 "$93S 0
43S 9AI-S/II-S 0939 11-S 0939 11-S d3s
TYNIWON T¥NIWON ¢1 07104V 11-S/91-$
(€1 0TI0dY)

1N0 INI9NI ¥3INID 11-S 40 123443 AVO1AVd



BELLCOMM. INC.

Subject: Saturn V Engine-Out From: K. P. Klaasen
Performance Capability

Distribution List

NASA Headquarters

T. A. Keegan/MA-2
C. M. Lee/MA

T. H. McMullen/MA
R. A. Petrone/MA

Bellcomm, Inc.

D. R. Anselmo

P. Boysen, Jr.

O. Cappellari, Jr.
. Heffron

. Hinners

. Marshall, Jr.

. Martersteck

. Menard

. Reynolds

. Wagner

All Members Department 2013
Central Files
Department 1024 File
Library

. . .

.

o uRGg=zZsQ
FHONEP SO

Abstract Only to

J. P. Downs
D. R. Hagner
I. M. Ross
J. W. Timko
M. P. Wilson



